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SUMMARY

A neec exists in the Army, axd i: the consiruction industry ss
well, for an efficient, highly mobile, rapid mesns for drilling lsrge
diametes holes in hard rock. The Army's drilling requirements are more
revtrictive thar might be tolersted in the comstruction industry, but
the charscteriztics of equipment that wiil sstisfiy Army requirements
should novetheless, provide s broid drilling capahility that will have
universs! appesi 43 a construction tool. The Army's requirements csn be
suamarized as follows:

1. Worldwide deployment is necessscy; therefore, the equipment
sust be capable of operation in any type of soil or rock,
under all types of climstic conditioms.

o

The equipment must be of modest size and weight to be com-
patible with critical logistic regquircments.

3. The capability for driiting holes up to 20 to 24-irch
dismcter in hard rock is necassary for special purpcse
emplaceim nts.

4. The equi nt must have a rapid emplacement capshiiiry
both in hcle drilling and emplacement set-up tlwe.

Large quantities of energy are required to dril! holes in hard
rock. Tommercial equipment is available in integrated, mubile units
*hut is capible of drilling holes up to sbout 8 inches in ciameter in
this 2dia, but ihe energy requirements asre so grest in holes lacger
thon this that mult.-unit ecuipment is needed thst is hLeavy, expensive,
snd trom th- Army’s viewpoint, logistically unasceptable. The chemical
energy In expicrives is ore of the most ziiicient sources of potential
cnvergy Lvas:abla, and 17 an affective mecans can be found to utilize this
enexgy ta d.2indg: and hreck up the rock in the bottom of a borehole
into pavruicies L.at ~sn be flushed to the gurface, then explosive
drililiug -s~ Ycoer & practical end ativactive drilliug process. Con-
cepty for utilisfing 2xplozives in zn effective mamner in 3 drilling
process weiz concaived, snd vesearch has been conducted that provides
positive fndizavicws tast cxplcvaive 4drilling can be 2n efficient process.
This work orov.idwd ar insighr into the nature of the equipment that
could be emnlioyed. One of the important products of this research wss

the developurnt ¢ 3 upique () -plaaiic, multi-jet, shaped charge capsule.

This servee as the dariizimy cool in this explosive drilling concept.

Based upon the risulrs of this research, this program was planned
and conducted to sdvance thw sevelopmear of an explosive capsule. Alsc,
equipment is required cinor wiil feed thesa cxpsules into the borehole in
s safe, controlled msauwcr. *his necd bis teen sxiisfied by including in
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the program the development of an automstic feeder tha' was szdspted zc
a small commercial drilling unit to creste s lightweight, mobile, ex-
plosive drill rig. Safety was a prime consideration in the designs for
both the capsule and the feeder, and systems were designed a=d tested
that provide the necessary safety provisions. Economy in manufsciure
for the explosive capsules is s very important considerstion. This
matter received considerable attention, and producible designs were
developed for the capsule parts. Tooling was also developed to fabri-
cate some of the parts to check the effectiveness of propcsed production
sethods. Explosive loading of the capsules was 2lso invesiigeted, and
success was schieved in modifying the capsule so thst losdirg can be
sccomplished by s standard produ:ztion process. Tests of the feeder anz
capsule were conducted to check performance. A check of safcly pro-
vivions was an important pcrt of these tests.
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FOREWGRD

A developeent program was conducted by the ALl Covporation,
Cockeysville, Maryland fur leborvatory 6000, U. 5. Avmy Mobiiity Egquip-
ment Resesrch and Development Commoand, Fort Selvoir, Vivgirnia. The
services were perforned undec Contract DANMGII-76-0-00133, DA Project
No. 1G762708AH67X. 1The program was concarned with the development of
an sutomsted feeder system for coatrolled, rapid feeding of explozive
capsules in an explosive driiling comcept curreatiy under development.
Resesrch on the explosive capsule to sdd salety Yastwived, inveztigate
methods of fabrication, and develop a method of exp..sive lveding was
also included in the program.

The program was performed during the period from Ociober “8975
through June 1976 under the direction of Jswes M, Ziifon of Laberrtery
6000, Fort Belvoir, Virginia. The project was samsged at she Akl
Corporat.on by W. L. Black under the supervision of #. C. Iurichlsud,
Department Marager. The principal designer wsz Jazok Sofivuwshi 11].
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INTRODUCTION

A prograsm vas condusied to develeop several {tems of egquipment
that are needed to coavert sn axplesive drilling concept from its cuvr-
rent research status o & developaentel ststus. Part ¢f chis develop-
weit effore was aiiocated 6 40 avtomated cspsule feeder that was
inscalled on 3 commercial 4rill rig snd provides the mesns for fesding
a supply of explosive capsules into the borehole at controlled, rapid
rates. A parallel effort was concerned with the deveiopsment of an ex-
plosiwe capsule that wiil be zafe to handle and use, acd can be fabri-
coted at a reszonsble cost by conventionsl mess preduction methods. The
produccion studies included the development of a3 satisfaciory sethod for
explosive loading the capsules.

This development program was preceeded by two tesesrch programs
that examined bazic concepts for explosive drilling. The objective of
this research was to detersine {f means could be found to effectively
use the large quantities of chemical energy in explosives to drill lavge
diasmeier holes through diffiicult rock. Explosiver are & highly coo-
ventratod source ¢f potential energy, amd {f this energy czn be esployed
efficicatly to disiodge snd break up in-situ saterisls into small perti-
cies or spoils thet can be brought to the surfsce, their use ¢ achieve
an effeccive, lightweight drilling process can be Teslized. This re-
searrh work produced positive indicztions thst explosive drilling zeuld
be aoeveioped into an efficient process, and provided an insight as 2o
the nsture of the equipnent that could ke ssployed. Oopz iapertant pro-
duct of the resesrch wes a unique all-plastic msiti-jet, shaped cherge
capsule. A smsll 4-inch diameter capsule concaining 160 grass of ex-
plosive wss cvolved that (s capable of driiling 2 l4-inch dismecer
hole in quality limestones at the rate of 0.70 to .80 inch per ex-
plosion. The capsule produces scven jets of explosive energy thst
cadiate i{n a pattern that concentrates 2 major portion of the energy
on the bottom face of the borehoiz. A similar capsule, S-inches in
diomerer, conteiniag 265 grams of expiosive, drilled 4 20-i{nck dise-
eter hole in good limeszeone. The significsnce of the shaped charge ides
is that it directs a2 comnziderable portion of the expliosive energy and
concentrates it on the face of the rock. The sbove performsnces were
obtained in 22 air filled hole. Details of this resesarch effort is ze-
ported in references (1}, (2}, and (3)}.

The Army and the construction irdusiry in generzl has the need
for an efficient, rapid mcans of drilling lsrge dismeter holes in hard
rock. Single mobile drilling units weighing up to 100,000 pcunds are
available that can drill holes up to 8 inches in dismeter through solid
rock, but the conventional cquipment required to drill holes in tue 8-
to 24-inch diameter range become very large multiple unit srrangements.
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The equipment eavisioned for an explnsive drilling rig with a 24-iach
iometer drilling copabitity contrests sharply with cenventionsr equip-
seat reguicements. The equipeent is envisioned o¢ being transpoxrted on
two 2k-tonm trucks. One truck would ve e¢mployed as the carrier and mount
for the dril} rig, the compressor, and some of the sux:lilary equipment.
A second Zi-ton fruck would be used 42 a3 carrier for suppiiss and equip-
ment such a2s the explosive capsules, drill rod, snd casing. Equipment of
theze proportions iz ecomomicsl, veadily available, highly snbiie, and
aitv trsmsportable,

The Ammy's drilling regquirsments are more restrictive than might
clerared by the comstruczion industry. They can be briefly summarized
otlows:

De ¢
s {
1, Worldwide deployoent is necessary; therefore, the eqeipment
muzt be capable of coperating In aay type of soil or rock,
under all type2 of climatic conditioms.

2. The equipwent must be of medest size and weight to be
compatibie with criticsl logistic requirements.

3. The capabiiity for driiling holes vp to 20- to 2&-inch
dismeter in hard rock is necessary for special purpose

eaplacesents

=, The equipwment must have a rapid esplacement capabiiicy
both ‘=z hole drilling and emplacement set-up tize.

Toe drilling tool ia this explesive drilling concept is the ex-
plosive tapsule. ¥ achieve a3 safe, vapid drilling capavility, a mean
aust e provided for introducing the capsules into the borehole at a
contralled, rapid rate. This operarion must respond automatically to
the control exexcised by 3 driller staticned at 3 remote safe distance
from the cperation. To satisfy this requirement, an automated f{ecder
was cunceived, designed, fabtricated, and instalied on a selected com-
ocrcial drilling epparatus. This provides the basic item of equipment
ic the expiosive drilling system. One of the principal tasks on this
pregram wag the development of this capsule feeder equipment.

w

The basic design for the multi-jet, shaped charge cxplosive
vapsele was conceived and proven on the prior research programs. Scveral
refinements were required to convert this concept te a ccpsule that could
be losded, hondied, a2nd used in the fcveder in a safe, convenient manner.
This program provided the design and developmeni work required o achieve
an operational capsule. This work included production onginecring «on-
siderations, for the ability to manufacture the capsules at a reasor ble
coxt is very important. Explosive loading of the capsule by a . oduction

-
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process is also necessary. Techniques were developed for loading the
capsule by an established production loading process. Details of this
development activity are presented in the following portions of this
report.
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INVESTIGAT1ONS

A. Review of Concepts.

For the envisioned explosive drilling system, the basic item
of equipment in the system will be the drill rig. This rig will consist
of light < 'ty commercial drilling equipment modified to accommodate the
equipmens required to conmvert it to an explosive drilling capability.
During the research programs, the concept shown in Figure 1 was projected
as a probable design for this equipment. The photograph shown in Figure 2
is a view of the drilling equipment that evolved from this program. The
feeder is installed, but it is less the compressor and other auxillary
equipment that will eventually be added.

The equipment as it is currently composed consists of an
International 2%-ton truck chassis with a Model B-53 drill, furnished by
the Mobile Drill Company, installed. 7The drill is driven through & power
take-of f arrangement by the truck motor. This equipment was recommended
by this contractor, but acquisition was accomplished by the Government
and then furnished as a GFE item for installation of the capsule feeder.

‘IThe mode of operation is the following: The commercial
drilling equipment will be used in a conventional manner to start the
hole if the site is covered with material that can be drilled with an
auger.  Seweral lengths of commercial hollow-stem auger will be carried
to acconplish this operation. As long as material can be removed from
tie borehole by the auger, this mode of operation will be continued, for
this is the most efficient of all drilling techniques when conditions
are favoruble ror this type of operation.

When rock is reached, the operation will be converted to ex-
plosive drilling. Without the benefit of experimental experience it is
not clear what the best procedure will be, but the most optimistic pro-
jection is that explosive drilling can commence by merely sterting the
compressors and continue drilling by feeding explosive capsules at the
desired rate with the capsule feeder. It is not known at this time
whether the compressed air can force the spoils up along the flights of
the auger. 1f this proves unworkable, the auger must be pulled and re-
placed with a drill stem designed solely for explosive drilling. The
B-53 drilling equipment is cap:ble «f 1emeviag and adding dril' stem
or auger in 20-foot lengths.
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B. Capsule Feeder Provisions

The cspsule feeder asseambly is attached to the B-53 drill rig
as shown in Figure 3. The feeder consists of a tray that supports 24
cylindrical cups that are linked together to form an assembly that re-
sembiles an endless chain (see Figure 4). This chain is attached to two
sprockets, one at the ouvtboard or righ: end looking forwvard and the other
at the inboard or left end. The left-end sprocket is driven, the right-
end sprocket serves as an idler. Capsules are installed in the cups,
one capsule to a cup. The driven sprocket is controlled by a pneumst-
ically powered indexing mechanism. Every time the drive indexes, it
moves the chain assembly 1/24 of a full revolution sround the tray.

The tray can be located in three positions. The middle posi-
tion is the operating position (see Figure 5). In this position an
opening in the tray lines up with the drill stem, and when a capsule is
moved over this opening by a stroke of the indexing mechanisa, compressed
air will force the capsule down through the cup into the drill stem and
through the stem until it exitz at the bottom of the borehole. The
right-most position, looking forward, will locate the tray sc that the
lines from the cat head can be used to hasul or install sectioms of drill
stum or auger. The left-most tray position is its travelling location.
1t will rest entirely within the width o. the truck in this position.

The tray is equipped with sides and an assortment of guides
to coatroi tixs travel of the cups as they orbit around the tray. The
cipsules sre instailad &y cpening two flaps which are retained by pairs
of guick-acting cam locks, =33 drupping a capsule in each cup. The cup
over the g<iil stem camnot be fiiisd; thersfsre, 23 capsules constitute
a complete load. The iisps are closed and icchsdt siter insertiom of the
capsules. This prevesnts tnsm iece being thrown from thcir 2ups bv shock
and vibraziom during the drilling sperstions.

A tube sssembly extends from the bottom opening ir the tray
down through the rotary drive of the commercisl drill equipment. A
rotary s=al is provided in ihe tube assembly to prevent leakage of com-
precsed air and permit operation of the rotary drive. Alsn an inlet
port is provided for comnecting the air supply used for spoils removal.

The ifceder operstes on air tapped from ths rsceiver on the
air brake system Gf the truck. Later, when the spoils removal compres-
sors are added, cperation could be accomplished from ti.is supply also.
he system has been designed to function an air pressure at 40 psig. The
control syitem opexstes on i2 volte DC supplied by the truck electrical
system.
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Figure 3. <capsule Foeder Mountod on Brill Rig
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Tray in Full Right Position

Pigure 6.
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Figure 7. Tray in Traveling Position




- —— sl

W R

The feeder was tested for all modes of operation and
functioned in a completely satisfactory manner. The indexing drive
is stroked by 2 push button from s remcte position. The feeder wss
operated as fast as 120 strokes per minute during tests, but in dril‘ing
operstions a rate of 30 strokes per minute is expected to be nesr the
maximum practical rate.

13
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C. Explosive Capsule Development

The concept of o multi-jet, ull-plastic, shaped charge cap-
sule emerged from the research c¢ffort. Extensive testing performed
during those programs indlcated that the multi-jet shaped charge concept
was effective in focusing a major part of the explosive cnergy on the
face of the rock and thot satisfactory drilling efficiency could be ex-
pected, Tests also indicated that holes of the desired diameter could
be produced with capsules of convenicent size,

Becoause the capsules were constantly being veried in size
and configuration, most of the testing on the reszszch programs was
stotic testing performed with only the explosive assembly portion of
the capsule. ‘These capsules were manually positioned in the holes and
indfvidonlly exploded, tHowever, one complete capsule was developed in
a 2.50-1uch dismeter. size that was cquipped with a firing train and an
out-cof-1ine salety arrongement. Experience with this capsule indicated
that the procedures envisioned for automatic feeding and functioning of
the explosive capsules were sound. No efforts had been made to design
a Liring troin and safety system for the larger size capsules; there-
fore, one of the important tasks of this program was to design and
develop o firing train and safcty system that wos compatible with the
feeder, and would provide o convenient sufe method of hendling,

An carly decision was necessary on the diameter of the cap~-
sule,  the vescorch work had indicated that 8 4-inch diameter capsule
loaded with 160 groms of explosive would drill a hole of about 14-
inch diameter Lo quality limestone and granite. 1t was also determined
thot o 5=inch dlaome:er capsule containing 265 grains of explosive
would expand the diometer of the hole to about  20-inches. The ex-
periments olso indicoted that an intermix of 4~ wsnd 5 inch diam-
vter copsules was effective f{n drilling o 20-inch diamcter hole., An

__Idea wau concelved, however, but has not been tried experimentally, for
obtoining u 20« to 24-inch diameter hole with a8 4=inch capsule alone.
Mhis consists of arranging the nozzle or exit end of the 4rill stem so
the copsules will impact the bottom of the borehole 4 to S-inches
off the center of the hole. ‘the drill stem will be rotated slowly,
and o3 drilling proceceds, o holve of 20 inch diemeter or more should
be generated., ‘This prospect of obtaining o 20 inch diameter hole
with a 4 Inch  diometer capsule plus the Jdimensional properties of
comuevclally aveflable drilling cquipment led to a decision to desiygn
the feeder and capsule system around the 4 fnch diameter capsule,,

The Mobile bDrill Compuny equips one of thelr standord drill
rigs with a rotarv drive that has on opening in the center thot measures
4,025 fnches tn diometer, This cquipment wes selected for use, und the
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center hole was bushed with a sleeve having 8 4.375-inch inside diameter.
This sleeve functions as part of a rotary joint for the compressed air
and provides s =mocth passage for the capsules thmugh the rotary drive.
These dimendional constraints led to a decision to design a capsule with
a 4.312-inch outside diameter.

Safety of the capsule during loading, handling, storage, and
use was a matter that received a great deal of design attention and in-
fluenced several features of the capsule. Details of the capsule are
illustrated in Pigure 8. The configuration of the high explosive section,
exceot {or a sxall change in dismeter was msde nearly identicai to the
4-inch capsules that had cvolved from the previous resesrch work. A
skirt has been attached to the high explosive section to provide standoff.
for the shaped charge and obtain a good length to diameter (L/D) ratic
for stability in the feeder cups and during passage through the drill
stem. Assembled atop the high explosive section is the firing train
assembly that incorporates the safety provisions and provides additional
L/D properties.

The firing train and safety provisions function in the fol-
lowing mapner. A slider assembly is loaded with s M-55 stab detonstor
and booster. The M-55 detonator was chosen becsuse of its svailsbility
and economy. 1t is widely used and, therefore, manufactured in very
large quantities at a current cost of about eight cents per unit, The
cutput of the detonator is insufficient to detonate the explosive charge
directly; therefore, s smasll booster is employed in the firing trzin to
produce the necessary energy. This will be a simple booster consisting
of a thin aluminum cup filled with Petn or Lead Azide explosive. When
the slider is installed in the capszule, these explosive elements are
positioned out-of-line with the firing pin and held there by & cotter
pin that is insertedwithcthe end bent to prevent its backing out except
under an apprecisble force. This constitutes one of the safety leatuves
of the capsule. The firing pin is installed in the capsule ss shown in
Figure 6. Its movement is restrained by a spring that will prevent
motion unless an acceleration of 2.00 g's or more is applied in an axial
direction. Its motion is also pr_vented by s lock created by 2 bzll held
in engagement with a groove in the pin by a spring clip. When this
spring clip i{s removed, the lock disappears. This {s the second ssfety
on the capsule. At assembly, both safety arrargements are installed ard
both must be removed for the capsule to become armed. The feeder and
capsulce have been arranged so that both safety devices are reaoved auto-
matically when the capsule moves into positicn over the drill stes and
begins its motion down the drill stem. The first action in the arming
sequence is the removal of the spring clip that secures the lock on the
firing pin. This clip is withdraswn as the capsule is moved into position
over the drill stem. The cotter pin that has preventad motion of the
slider containing the firing train i{s withdrawn by the motion of the
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capsule as it begins its travel down the drill stem. The capsule is
still not armed, however,cince the slider is prevented from moving be-
cause it is riding the bore or inside diameter of the drill stem. When
the capsule exits from the drill stem, this restraint terminates, and

a spring will move the slider sufficiently to position the firing train
in line with the firing pin. The capsule is5 now armed, and when it
strikes the bottom of the borehole, the firing pin will accelerate down-
ward, strike the M-55 detonator, and axplode the capsule.

A final safety feature is associated with the cotter pin.
When it is withdrawn from the slider,it is retained on a wire that is
secured to the capsule., If a capsule should become lodged in the drill
stem, it must be removed. This is accomplished by lowering a hook that,
with a little maneuvering, will hook the wire and the attached cotter
pin. The capsule is then pulled to the top of the drill stem where
either the cotter pin is installed in che slider or the firing pin is
removed before withdrawing the capsule from the feeder cup. A view of
an assembled capsule is shown in Figure g,

The explosive capsule is an expendable item and, therefore,
must be manufactured at an affordable cost if explosive drilling is to
be economically attractive. This matter received considerable atten-
tion during design, and some tooling work was performed to check the
efficiency of production processes.

The tooling studies were concerned with the plastic parts.
A mold was made for the upper assembly which produced good parts in ABS
(Acrylonitrile Bucadiene Styrene) material, one of the more economical
resins., This is a fairly complex part that would be expensive to fab-
ricate by zny (sher process.

The lower part or explosive housing presents special fabri-
cation problems plus there are constraints on the choice of material.
Views of this explosive assembly ace presented in Figures 10and 11. The
following constraints are important factcis in selecting the material:
The capsule is loaded with explosive By a casting proceus and the temp-
erature of the explosive is about 100°C, when it is poured into the
capsule. The melt temperature of the plastic must be well above this
temperature otherwise the capsule will melt or distort. In the thermo-
plastic group this limits the choice of materials considerably. Also,
it has been assumed it v uld be beneficial to make thc cone liners of
a glass-filled plastic »ince glass is a material often used as a shaped
charge liner. Some evidence was obtained during the research programs
to support this assumption when the performance of shaped charges
equipped with liners containing 45% and 60% were compared. The benefits
of the higher glass content, however, were not pronounced. On this pro-
gram, the material used was 612 nylon crataining 60% glass by weigh=.
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Figure 9.

View Of An Ascembled Cspsule
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Figure 10. Top View Of Explosive Assembly
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Figure 11, Bottom View Of Explosive Assembly
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5 5 sstiscectory material, buf irs curteni price in lazge Juawii~
s $1.75 per pound and, therefore, is nit sn scomomical matericl.
Melding of the lower jawt of this housing &ich contatns zhg come lioers
& fizult v.oblea. The ger ebcy of the pavt {2 seech that {t can-

not be mclded in & »’agle plecs After conr idersbie study, s poacsss
wis selected where .12 lover sa ¢ wgs mold £ in thirds. Each third was
identical and wus elay to _old, bues ~ i3 t.en secegaryy to join them to
form ihe lower z2sses ,., The 1l{d or top seiiing iz t¥ > stisched to
comslate the expl-.ive dsaexbly houwsing, Joinizz & part is sccom-
plighed by & _sing heat along ihe sespi., This melts ths ::sin somen-
arily, » - wben it csols, the sesme are closed aud am infegral sssemdly
results. This process produced good parts, bul thc tusiing was élemen-
tary apa considerable laber wes required in the Jszesbiy osjw.ttion.
Good tonling is needed to reduce the labor and assure unifon. quality.

The design of the vemaining psrts of the capsule appear to
be satisfactory for quantity production. The parts can be fabricated
by plastic molding,or on a zcrew mechine, or by stamping all of which
are standard, high-producticn, economicsl labor saving orocesses,

Several imnovations were designed intc che plastic parts to
reduce assembly time to a minimm. One cf these innovstious can be ssen
in Figure 9. Thes two projecting prongs ave inserted intc holes in the
upper assembly wmolding. Heat is applied momentsrily to the ends of
these prongs and » permanent assembly is accomplished in » matter of 2
few seconds. Other innovations proved equally successful and additiomsl
use of innovative techuiques should be developed.

Explosive loading of the capsule presented a pratlem that re-
quired the assistance of a firm experienced in this type of activity.
On the research program, explosive loading had been accomplished by
manual packing of the capsules with C-4 evplosive. This required an
appreciable amount of labor; therefore, development of 2 more eccnowmicai
process wzs necessary. The sevvices of Trojan Powder in Allentown,
Pennsyivania were obtained to conduct experiments in explosive loading.
Design of the capsule was modified to include a filler spout in the
vover of the explcsive housing assemb-y. This spout can be seen in
¥igure 10. Using this spout, Trejan Powder experienced no problems in
loading the cspsules with pentoiire. Fern ‘olite was used because Trojan
is a manufacturexr of this material and pmferred working with it rather
than composition "B¥., Either material can be cast and will bz a satis-
factory cxplosive msieriai for the capsule. The weight of the capsules
was clossly monitored during the losding experiments to detect whether
or noi veids would develcp. Weights were uniform and reached the ex-
pected vazlues indicating that the cavity was £11lling well. This quality
wa3z confirmed on two of the capsules by opening them and examining them
for voids. No voids were found,
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DISCUSSIONS

Ooe of the technical problems faced during design of the feeder
wes “~r=tmi. tion of the load factors to use to design the scxucture.
7« peiol ‘pa  coansideration was the shock type iosds genzrated by the
expiasiar/ The explosions occur down the hole ane parallel situations
could ot de found in the litersture to serve as o guide as towhat these
loads might be or how they might be estimsted. Faced with chis situs-
tion, » coneervative spproach wis tzken snd the impulse or a surface
nesy the explosion the size of the borehole was computed and applied to
the drill stem. The wmas>s of the parts attsched to the drill stem was
estimaicd und the acceleraticn that the impulse would produce wag com-
puted, The coasputed value wsa 45 g's and this beceme the determining
factor .n designiyg the siructure of the feeder. Faced with this load }
factor, it wes mocfasRry t6 Limit the weight of the feeder as much as :
porsible. This led to <He selaction of slunainum for the matersial in the |
tray snd the cups. The bu.towm of the troy was cavered with nylatron
sheet to wminimize friction snx curtaii wear. Other wear surfaces wece
protected in a 1lite msnner.

Plans had always included the use of an indexfag drive that would
be preumatically powered, but a decision was peécassary regarding the
operating presrure. It {s envisioned that the ccmpri=ssors used to si1H-
ply sir for spoils removal will probably be axial type cuspesssors used
in engine starters. These compresscrs usually supply air at around 40
psig. It is probable, therefore, that this will become the op<rating
pressure for the pnewsatic system so an indexing mechanism wes selected
that would be compatible with this supply. This resulted in the selec-
tion of a larger mechanism than would ordinsiily be employed, but space
was found for ite insiallation and the system functions very nicely at
an air pressure of 40 psig. On this program the feeder wss operated on
air teken from the receiver that svpplies compressed air to the brakes i
on the truck. The capacity of this supply is adequate and its pressure §
is 100 psig. The pressure was reduced for the tests. This iz an slter-
nate arr<ngement that works quite well and could be used in the final
systes 1€ desired. All technical problems associatec with the feeder
wers rescived and the system functioned in tesis in a satisfactory man-
ner, Tne tests indicsted that the system will be capable of feeding
the expiosiva capsuler £t any desired rate and will tulfill the need for
equipment necessary to conduct mesningful experiments in explosive
driiiing.

The safety features developed for the capsule functioned well
during tests. The cut-of-line safety feature for the firing train and
the bore yiding avrangement to maintain an unarzmed status until the
cspsule exits from the drill stem has always been pzrt of the envisioned
safety provisiona, A need was recognized for a second independent safety
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provision and locking thae firing pin appasre to have fulfilled this goal
satisfactorily. The fact that both safety devices can remain intacst in
all modeg of handling, and personnel are it a remote safe distance when
they are removed, is congidered an important safety feature. !

The ability to fabricate the 2xplosive capsules a3t a reasonable
cceat is an important consideration, and for the most part, the designs
developed during the orogram should satiafy this goal. 211 of the
capsule parts, with the sxception of the explosiva housing, csn be
fabricated of economical materials by standard mass producstion techniques.
These are the essentizl ingredients for ecoviomical manufaciurs. The
asgembly process is alsc simple and capabla of being accomnlished with
reasonable effort. [Lunlcoive loading can be performed by an established
praduction process, and the dezigr appears to be adequate from this
standpoint.

Studies to determine wvhether alternate materials and production
methods can be employed to fabricate the explosive housing might be
justified. As previously pointed out, design of this part is subject
to a number cf constraints such as compatibility with the 100°%C
temperature of the molten explosive, the desire for a high glass content
in the liners, and the geometry and arrangement of the iiners. This
housing, including the cover, weizhs 140 grams, and at $1.75 per pound
for large quantity requiremencs, the matarial cost of glass filled
aylon is 54 cent.s. The prospects for locating a satisfactory alternste
material are fairly good. For exsmple, \n the Dbasis of published
data, it appears that heat resistant, glass filled ABS material might
satisfy the temperature reduiresent. This material can be obtained at
gb~ot half che cosat of oylon, meking the projected s==:f of the material
25 to 30 cents per part. Studies shouid zlsc be made fo determine
whether 3 more economical fabricazion process than the one currentiy
employed can be developed. It muy well oe that the current procsszs,
large quantity production, will be quite econcmical. The mclding
method iz aimple and as ecunorical as can be obtained. Three parts ace
required por assembly since it is moided in thirds, but molding costs i
can be controlled by using multi cavity molds, Aszsembiy of the parts
in the current program reduired considerable time, but this nrperation,
also, would become inexpensive with the develcpment of proper fixtures
and tools. Because of the geometrv of the lower part, no way is
envisiovned for its fabrication as a gingle molding. This means that
an assembly operation cannot be avoided, and economy of fabrication
will depend largely upon the efficiency at which assembly can be
per formed.
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All the parts in the caisule can be fabricated on a screw
machine, or by stamping, or by molding. All these fabrication methods
are recognized, low labor, hisn quantity, low cost processes. A good
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indicator, therefore, of large quantity costs is the cost of the
materials. The following is an ejtimate of materisl costs for the

1 capsule.
1M WEIGHT MATERIAL COST UNIT COST
_1bs. $f1b. N
k Explosive Housing 308 0.85 0.2621
Explosive 376 1.50 0.5610 i
| Upper Molding .207 0.50 0.1085 '
3 Slider .G21 0.85 0.0018
: Springs (2) .002 - .0600 ]
| Detonator - M55 - - .0800 {
Booster - - .1500
Standofi Skirt 079 0.50 .0396
Firing Pin .0l 0.30 .0042
Safety-Slider .0066 2.00 .0132
Spring - F.P. Safety .0017 2.00 0.0034 ]
Knob - F.P. Safety L0067 .50 0.0033
g Cap L0036 .50 0.0018 |
1.0236 $1.2839

The $1.28 figure is the cost for material with nc sllowance for
] scrappage or operating overheads and profit, 1If a 207 zilcwance is

made for material loss duving fabrication and 457 is added for over- !
head and profit, the cost of materials tecomes $2.23 per cspsule.
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CONCLUSIONS

The following conclusions are drawn from the experience and
findings of this program.

G

Tests of the feeder system indicated satisfactory performance
in all modes of operation, and the system appears to be
ready and sujted for use in conducting experiments in
explosive drilling.

Feeder tests under the shock load conditions that will be
experienced during drilling nperations were not conducted.
These tests would have required extengive preparations

and, therefore, were not included in the scope of this '
prof,ram. Performance of the feeder and the drill rig under
these conditions will be detemmined when experiments in-
explogive drilling begin.

Experiments indicate that the capsules can be loaded
satisfactorily with pentolite or composition ''3" explosive
by a casting process. This is a standard production loading
method, therefore, the design appearsto be satisfactory
from this standpoint.

The two independent methods of inhibiting arming of the
capsule perforwed satisfactorily in tests. The safety
provisions developed for handling and use of the capsule
appear to be adequate for use in the envisioned explosive
drilling process.

Projected costs for capsule materiils and review of the
designs from a production engineering standpoint indicate
that the capsule can be produced at s reasonable cost in
large quantity production. The availability of an
economical capsu”e, however, is a vital economic consider-
ation, and continued monitoring of designs, materials and
fabrication techriques to further reduce capsule costs is
justified.




] RECOMMENDATIONS

The results of this program lead to the following recommendstione
g regarding future investigation of this explosive drilling process.

It was demonstraced that bcth the feeder and the capsules
perform in an acceptable and expected manner, and are suitable for
i use in planning further development of this explosive drilling concept.
3 It is recommended, therefore, that the following plans be considered.

a. Equipment such as drill stem, sugers, casing, and miscella-
neous connectors and adspters should be designed, fabricated,
and procured to equlp the driil rig for conducting
experimente in explosive drilling.

b. A quantity of explosive capsules sufficient to conduct a
series of drilling experiments should be fabricated.

¢c. Plans should be made to obtain the compressors needed to
supply compressed air for spoils ramoval. These may be
rented or procured.

d. Experiments in explosive drilling should be planned and
conducted to resolve technical problems and examine the
effectiveness and efficiency of this explosive drilling
technique.
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